distribution  statement 

Approved  for  Public  Release 
Distribution  Unlimited 


ms* 


GSOs  Ii688-S/f 


INPUT  AND  OUTPUT  (F  INFORMATION  IN  ' 
HIGH-SPEED  DIGITAL  COMPUTERS. 


r Following  Is  the  translation  of  an  article  by  N.  V.  Trabnikov 
entitled  «Wod  i  Vyyod  Informats  ii  v  Bystrodeystvuyushohikh  TsifrovyKh 
Vyehlslitel * nykh  lfe.shi.nakh"  (English  version  above)  in  Avfcoiaatiches- 
koys  Upra.vlen.iye  i  VyohislitellKaya  Tekhnlka  (Automatic  Control  ana 
Computer  Technique) ,  Moscow,,  19£8  .J 


!  INFORMATION  CAHRUftS.  Used  most  widely  at  the ■  present  time"  as  J 

I  the  carriers  are  the  punch  cards,  poach  taps  and  magnetic  tape.  Used.  | 
I  ,  .  I 

I  oens ider&hly  less  widely  are  the  magaatio  wire  aid  tne  eine-flliiu  j 

|  Basically,  the  punch  cards  and  punch  ta.pe  are  equivalent  and  J 

1  their  application  is.  the  computers  is  explained  by  .the  availability 

j  of  the  punch  card  thoroughly  investigated  and  widely  used  in  the  cd- 

\  eulating  and  analysing  machines  and  also  by  the  availability  of  the 

l 

|  telegraph  punch  tapes.  The  equipment  £or  these  carriers  differs' 
j  little  from  the  devices  which  have  already  been  used  for  several  de¬ 


cades 


The  comparatively  recently  developed  technique  of  sound  record 


1 


1  .  , 

I  iftg  ob.  magnetic  tape  has  a  number  of  advantages  in  comparison  with  the 

.  perforation  and  therefore,  it  has  secured  wide  application  in  the  ccm-< 
j  no ter  techaioue*  Wire  recording  is  characterized  by  somk  design  dis-  ] 

|  advantages  and  is  little  used*  Recording  on  toe  oine-iixm  has  ob^j 
tained  wide  application  either  owing  to  the  inconvenience  of  working  j 

i 

ic  darkness  (when  recording),  the  duration  of  tne  x xsxo  proce^^i^g, 

t  ....  1 

j.  impossibility  of  erasing  and  repeating  the  recording*  At  the  same  j 

j  '  j 

|  time,  owing  to  its  mechanical  strength  the  sine-film  may  be  success-  j 

fully  used  for  program  recording  with  repeated  cyclical  feeding  into  \ 

the  machine.  In  this  case  the  program  is  recorded  on  the  film  .by  the  i 

|  i 

perforation  method.  | 

I  I 

!  Included  among  the  requirements  which  s.  carrier  has  to  meet  > 

j  ** •  *  I 

|  should  be  the  low  cost,  small  size,  long  life  and  the  feasibility  ox  j 

|  repeated  use,  inerasability  of  the  recording  during  long  storage,  the  ; 

r 

feasibility  of  easy,  checking  of  the  recording  and  of  the  correction 
of  incorrect  re cording,  reliability  of  reading  and  also  the  feasibil-  ! 

|  iiy  of  the  b i&g  a  complete  set  of  the  isiitx&l  pocuiaents  notn  i 

j  ‘  '  . .  w  j 

j  separate  pieces*  j 

|  rgfofi  «  carrier  sissew  should  be  understood  &s  its  geometric -j 

i  ! 

|  al  dimension  (lengthy  area,  volume)  related  to 'a  unit  of  infornation,  : 

|  for  example  to  one  binary  digit.  However,  it  is  more  convenient  to  ; 

j 

use  the  inverse  magnitude  -  -the  recording  density*  -  defined  as  the  j 
|  number  of  digits  recorded  on.  a  unit  of  length,  area  or  volume. 

\  choice  of  the  carriers  depends  also  on  the  characteristics 
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(6)  -  Primary  marking  symbol 


of  the  equipment  being  need.  ' 

H3M0K  CURBS.  TJp  to  960  binary  digits  or  2h  ambers  can  be  set 
on  one  punch  card,  Ba  practice,  fro®  one  to  twelve  numbers  are  set  o»  | 
a  punch  card*  In  addition  to  technical  difficulties,  the  incomplete.  , 
utilization  of  the  punch  cards  is  explained  by  the  necessity  of  putt 
on  them,  the  supplementary  information  -  the  sequence  amber  of  the 
card,  the  symbol  of  the  problem,  etc.  (Figure  ‘1  and  2}» 

'When  recording  twelve  numbers,  the  maxima®.  density  on  the  punch 
card  comprises  j 


l8 1 ?«  6  8,25 


>  digits  6.3)4. 

Q » Jil  OF 

cm2  0*018 


*55  * 


dis 


D! 


cm3 


The  blank  and  the  fllled~out  punch  cards  eaa  be  stored  a  very  | 

1 

long  time  whan  definite  humidity  and  temperature  are  maintained  in.  the) 


storage  apace.  The  information  can  be  read  several  hundred  times  j 

| 

without  appreciable  change  in  the  quality  of  the  punch  card- 'during  j 

3 

this  process .  J 

\  The  reading  is  accomplished'  by  the  method  generally  used  is  the; 

j  ••  •  i 

|  calculating-analytic  techniques  by  the  contact  brushes  feeling  through! 

I  the  r?u ached  holes  (Figure  3)  or  with  the  aid  of  photocells  or  photo-  j 

f  *■*  : 

l  « 

!  diodes.  Iti  both  cases  tbs  reliability  of  reading  is  sufficiently  high  •{ 
|  ! 

1  correctness  of  the  perforations  is  checked  visually  or  with¬ 


in® 


|  tho  aid  of  devices.  The  incorrect  perforations  cannot  be  changed 


1  ITAccSdiSg  tT GOST  lAU-Onicm  Stats  Standards)  6198-52  the ^ dimen- 
I  sio ns  of  the  punch  card  ares  length  Lal8?*U*P#^*  width  B~82* 

1  thickness  gQ.l8iQ;(j3:5 


5 


;  to  this  ease  a  siev?  card  is  perforated  which  does  not  present  special 
difficulties  £imoe  only  a  small  amount  of  information  is  put  on  a 

! 

!  single  card*  ' 


j  ®ie  pwnch  cards  tire  very  convenient  to  assemble  in  the  most  ! 

I  ; 

diverse  combinations .  They  may  be  used  both  for  the  input  of  the  ini-j 
j  txax  data  and  for  the  output  of  the  results  of  the  solution. 

| 

Equipment  used  in  the  processing  of  the  punch  cards  is  charao-  j 

i 

;  terrasd  trj  a  relatively  high  coat  and  large  dimax^siomu  The  handling  ! 

1  ^  | 
j  of  the  punch  card  devices  requires  a  comparatively  frequent  intervene  j 

F  I 

j  tion  on.  the  part  of  the  operator  since  the  capacity  of  a  single  sup**  J 

1  I 

I  P^y  of  ^  P unch  cards  in  the  existing ‘designs  does  not  exceed  one 

I  "  | 

j  fhou.sa.no.  cards®  The  maicntenance  technioue  is  sufficientlv  simple*  I 

I  ,  .  *  ■! 

Tne  sevting-up,  inspection  and  repairs  do  not  present  special  diffi-  ; 


cuities 


!  siaxljam  efficiency  of  the  automatically  operated  devices 

j  miring  pinching  comprises  100  cards  per  minute,  or  15  to  20  numbers 
!  per  second* 

i 

|  The  reading  rate -when  using  photo-diodes  instead  of  brushes 

|  can  be  brought  in  practice  to  900  cards  per  minute  or  IfiO  numbers 

i 

j  (consaands )  per  second.  The  rate  of  printing  amounts  in  the  case  of 
J 

J  Standard  equipment  to  1**2  numbers  per  second. 

J  The  operational  reliability  of  the  devices  is  sufficiently 

I 

|  „  #  . 

|  stoppage  of  the  devices  for  0*5*'*!  hours  in.  every  2ii^hour 

|  Period  is  necessary  for  preventive  maintenance  * 


***** 9dHr 


All  devices  used  for  processing  the  cards  may "be  reduced  to 
to  two  types  *•  reading  devices  and  punching  devices  saving  different 
electric  circuits •  This  facilitates  the  standardization  ot  these  de- 


i  vices.  ! 

' 

Among  the  drawbacks  of  the  devices  for  work  with  the  punch  cards; 
should  be  included  the  impossibility  of  repeated  reading  or  of  chang- 

I 

lag  the  reading  sequence  without  the  intervention  by  the  operator.  j 


*£e»ms0 


Figure  3.  Reading  the  numeric  material  from  the 
punch  cards  with  the  aid  of  brushes. 


(1)  ~  volts 

(2)  -  kilohms 

(3)  -  Output 
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PUNCH  TAPE*  The  punch  tapes  used  in  computer  technique  differ  j 


:  chiefly  in  the  width,  on  which  the  maximum  number  of  perforations  in 

;  » 

lateral  direction  depend  (the  number  of  channels) .  “  <  : 

j 

i 

Tapes  of  5-6  millimiters  in  width  (one  charnel)  to  182  mill!-  j 

meters  width  (80-90  channels)  are  used*  Most  widely  used  are  the  tapes) 

of  12  millimeters  in  width  for  two  channels,  1?,5  millimeters  -  for  $  j 

J channels  and  35  Bdllimeters  for  12  channels .  J 

Storage  conditions,  the  number  of  times  a  taps  can  be  made  use  j 

i 

}  of  and  the  feasibility  of  restoring  the  information  from  damaged  tapes j 

I  I 

are  about  the  same  as  in  the  case  of  punch  cards «  J 

:  j 

The  correctness  of  punching  is  easily  checked  automat! o&Xiy  or  j 

,  < 

i  .  ,  ,  ! 

visually*  The  correction  or  a  change  in  the  perforations  or  a  tape  j 

I 

I  are  possible  by  means  of  second  punching  of  another  tape  and  by  gluing j 
together  if  appropriate-  devices  are  adapted  for  the  processing  of  the  j 

j 

taves  glued  together*  If  however,  the  devices  are  not  adapted  for 

I  j 

|  this,  ‘then  the  tape  has  to  be  punched  ones  more  (this  is  an  automatic  i 

i 

operation.,  j 

i 

The  reading  from  the  punch  tapes  may  be  accomplished  by  the  ! 

same  methods  as  in  reading  from  the  punch  cards  (Figure  U).  However,  j 

! 

because  of  the  lower  mechanical  strength,  of  the  punch  tape  in  compare  j 

w  I 

I  is  on  with  the  punch  card,  and  because  of  the  great  difficulties  of  to™  j 
storing  when  damaged*  the  use  of  the  contact  brushed  xs  permissible  j 
only  when  the  number  of  times  the  tape  is  to  be  used  is  small* 


8 


9 


Figure  5*  Beading  numeric  material  from  a  punch 
tape  with  the  aid  of  photo -diodes. 

(1)  -  I?  *i*’  is  -  photo-diode 

(а)  -  wits 
(3)  -  Base 
(h)  **•  Output 
(5)  “  Bteitter 

(б)  ~  Collector 
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|  Standard  telegraph  equipment  provides  for  the  start-stop  move- 

j  aent  of  the  tape,  the  pressing  of  the  brush  or  feeler  against  the  tape' 

i  ! 

\  taking  place  only  during  the-  stop  period,  -  j 

i 

The  complexity  of  the  equipment  depends  on  the  width  of  the  j 

.  i 

tape.  The  equipment  used  for  very  wide  tapes  does  not  differ  substan-j 
t laxly  from  the  equipment  for  punch  tapes.  The  narrow  tapes  are  pro¬ 
cessed  with  the  aid  of  equipment  similar  to  the  telegraph  equipment. 

.  The  cost  of  this  equipment  is  comparatively  low  and  the  dimensions  are 

I 

small.  The  electric  energy  consumption  amounts  to  about  30-50  watts  j 


per  device.  The  setting-up,  inspection  and  repairs  do  not  present 
special  difficulties.  The  efficiency  of  the  automatic  devices  operat¬ 
ing  with  telegraph  punch  tapes  comprises  20-30  perforations  per  second 
The  rate  of  reading  with  the  aid  of  photocells  or  photo-diodes  F.D. 
(Figure  5)  (contactless  reading)  may  reach  5-7  meters  per  second  which; 
in.  the  case  of  a  five-channel  tape  and  with  forty  binary  digits  in  a  j 

t 

t 

.number  comprises  150-200  numbers  (10,000  digits)  per  second  vhile  the  j 
rats  of  printing  is  7-8  decimal  numerals  per  second.  j 


0  ®  *  #  #  * 

#  #  #  # 


Figure  6.  A.  sample  of  -  punch  tape  shawls 


ns 


number  codes 


L 


j 


Among. the  advantages  of .  this  equipment  should  be  also  included 
■  the  high  reliability  of  the  operation  and  the  feasibility  of  repeated 

t 
i 

j  automatic  input  of  material  by  means  of  reversing  «r  by  means  of  glu¬ 
ing  the  'tape  into  a  ring*  The  disadvantage  is  the  complication  of .  J 

i 

the  design  when  increasing  the  width  of  the  tape.  j 

The  arrangement  of  the  numeric  material  on  a  five-channel  tape  j 

...  ,< 

|  is  shown  in  Figure  6.  One  digit  of  a  decimal  ''number  expressed  in  M 
nary  cede  is  arranged  on.  each  line. 


-  *  E 


MAGNETIC  TAPE  AND  MAGNETIC  WIRE.  The  recording  of  number  codes j 

! 

on  a  magnetic -tape  or  wire  is  accomplished  by  means  of  local  magnetiz-j 
lag  of  separate  parts  of  the  carrier.  •  -  j 


Figure  7-  Relation  of  the  residual  induction.  B 
to  the  magnetic  field  intensity  K  for 
ferro-coating  of  the  magnetic  tape. 
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I 


The  principle  of  magnetic • recording  is  based  on  the  property  | 

;  of  some  ferromagnetic  materials  to  retain  the  magnetized  state  after  > 

?  : 

the  removal  of  fch©  iruignetic  II. eld,  Inc i\Ktecl  aroong  such  jfc&terx&ls  , 

the  magnetite  Fe*>(k  (  \  -phase),  cobaltic  oxide  CogGq  and  a  number  of; 

|  others «  The  following  relation  is  characteristic  of  these  materials  -j 

I  ■  | 

|  Baf(h)  (Figure  7).  I 

,  j 

I  The  physical  medium  characterised  by  such  a  relation  may  assims 

I 

a  amber  of  stable  discrete  states  of  the  residual  induction  Bp  Bg,  j 

f 

B,»»»  each  of  which  corresponds  to  the  value  of  the  external  action 

J  l 

of  the  magnetic  field  having  the  intensity  Hg,  However,  j 

:  it  is  very  difficult  to  fix  the  boundaries  of  these  states  of  the  j 

'  i 

I  I 

;  medium  in  practice.  j 

\  j 

I  It  is  possible  to  create  and.  distinguish  three  magnetic  states  >, 

|  of  a  medium  with  the  simplest  methods  j 

j  l)  The  medium  is  demagnetized  (Breg«0) »  j 

I  - 

2)  The  medium  is  magnetized  in  the  positive  direction  [ 


»  <*8r). 


3)  The  medium  is  magnetized  in  the  negative  direction  (B£ 


|  4  t  ? 
|  Such  magnetic  media  may  be  used  in  the  devices  .for  the  storage 

|  of  the  codes  of  the  numbers  the  base  of  the  notation  scale  of  which 

i 

is  equal  to  or  smaller  than  three.  The  carrier  is  usually  made. m 
the  form  a  ferromagnetic  tape  or  drum*  The  ferromagnetic  tape  re¬ 
presents  a  thin  (U0-100  micromillimeters)  acetyl  cellulose  base  to 


1 


which  ferro-coating  has  been  applied* 

The recording  of  the  electric  pulses  and  their  reproduction  are 
j  accomplished  with  tee  aid  of  special  magnetic  heads  (figure  8).  The 

i 

|  head  consists  of  winding  and  a  magnetic  circuit «  It  has  two  gaps  - 

|  the  operating  gap  %  and  the  back  gap  <•' , «  The  back  gap  should  be  asj 

|  | 

|  small  as  possible  since  its  presence  determines  the  decrease  in  the  j 

1  t 

j  efficiency  of  the  reproducing  heads  and  an  increase  in  the  currant  in  j 

the  recording  heads  *  j 

\ 

The  current  pulse  delivered  to  the  winding  of  the  recording 

magnetic  head  creates  in  the  operating  gap  a  field  which  is  propor-  j 

tional  to  the  magnetising  ampere -turns  (Figure  9}  and  the  parts  of  ths| 

|  carrier  passing  at  this  instant  underneath  the  operating  gap  become  ; 

|  magnetised*  Thus,  the  pulse  is  fixed  or-,  the  carrier  in  the  fora  of  ; 

i  j 

|  a  magnetic  imprint  having  definite  parameters* 

The  combination  shewing  zero  and  unity  on  a  magnetic  carrier 

|  represents  a  number  code*  The  discrete  states  of  the  parts  of  a  mag-  ; 

j  nolle  carrier  are  secured  by  different  methods .  Used  moat  widely  at 

j  : 

jj  the  present  time  are  two-level  recording,  three-level  recording  and  : 

recording  on  two  levels  without  &  space  between  the  numeric  images,  I 

In  the  case  of  two -level  recording*  the  tape  is  magnetised  in  * 

,  I 

|  a  definite  direction*  For  this  pirpose*  a  constant  magnetic  field  hav-~  j 

jj  * 

l  ing  intensity  EL  (Figure  10)  is  applied  to  it  with  the  aid  of  the 


j  erasing  magnetic  head#  This  magnetic  state  corresponds  either  to 


zero 


or  to  the  absence  of  a  numeral.  For  the  representation  of  unity,  the 
tape  is  subjected  to  the  action  of  the  pulse  of  the  external  magnetic 
field  having  intensity  H  by  means  of  the  recording  magnetic  heads. 

As  the  result  of  this,  a  magnetic  imprint  forms  on  the  tape,  'the  maxi¬ 
mum  residual  induction  of  the  imprint  reaching  the  value  of  Br« 

Ihen  employing  the  two -level  recording,  there  arises  the  neces¬ 
sity  of  distinguishing  the  state  corresponding  to  zero  from  the  state 
which  indicates  the  absence  of  a  numeral  on  a  given  portion  of  the 
tape. 

All  these  different  mathematical  states  are  characterized  by 
the  residual  induction  of  the  tape,  for-  example,  4-B^.  It  is  possible 
to  draw  the  distinction  between  them  with  the  aid  of  the  so-called 
marking  pulses  recorded  on  a.  parallel  channel.  The  image  of. the  num¬ 
bers  consisting  of  unities  and  seroes  is  accompanied  without  fail 
by  marking  pulses  which  are  Similar  to  the  image  of  unity. ' 

It  is  known  that  the  electromotive  force  developing  in  the 
winding  of  the  reproducing  magnetic  head  is  proportional  in  time  to 
the  rate  of  the  magnetic  flux  passing  along  its  magnetic  circuit t 


e~~  A 


d <P 
~df 


,  d<P 

-  A  t 7 

dx 


(i) 


where  v  is  the  speed  of  the  motion  of  the  tape  relative  to  the 
magnetic  heads j 

A  -  factor  of  proportionality. 

The  rate  of  change  in  the  induction  flux  of  the"  magnetic  im-  . 
print  when  this  method  is  used  is  higher  in  comparison  with  other 
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j  methods.  The  length  of  the  magnetic  imprint  is  also  "greater  which  de~ 

:  creases  the  density  of  the  recording.  .  ! 

|  The  three  •“•level  recording  (Figure  11)  is  characterized  by  three  ] 

i  "  ! 

j  states  of  the  residual  intensity  of  the  tape  magnetization,  The  ab~  • 
|  1 

sence  of  a  numeral  is  represented  by  the  zero  remanent  induction  in  ! 

'  ,  1 

the  case  when  the  tape  is  demagnetised.  Unity  xs  recorded  by  means  j 

of  magnetizing  the  tape  in  one  direction,  for  example  to  the  magnitude  j 

♦&.,  and  aero  is  recorded  by  means  of  magnetising  in  the  opposite  di-  ! 

a  '*  | 

! 

;  rection  correspondingly  to  With  this  method  of  recording  the  | 

.  t 

necessity  of  marking  pulses  is  eliminated. 

:  With  other  conditions  being  equal,  the  length  of  the  magnetic  j 

i 

imprint  when  using  this  method  of  recording  is  20-30#  less  than  the  j 

I 

|  length  of  the  magnetic  imprint  obtained  with  two -level  recording  and  j 

I  '  i 

]  the  amplitude  of  the  signal  being  reproduced  is  approximately  30 %  j 

\  i 

|  smaller  *  | 

I  < 

I  Owing  to  the  circumstance  that  the  magnetic  material  is  in  the  i 

I  j 

|  demagnetised  state,  the  amplitude  of  the  pulses  originating  because  of- 
f  * 

I  1 

j-  the  magnetic  tape  defects „  drops  sharply*  This  considerably  increases-; 

I  .  ‘  j 

I  the  •sienal-to-d«terferenceM  ratio.  . ; 


i  The  two-level  recording  without  as  interval  between  the  numeric j 

■  '  f 

:  i 

images  is  characterized  by  two  distinct  states  of  the  tape,  those  j 

; 

states  representing  groups  of  unities  and  zeroes  (Figure  (12). 

When  reproducing  the  code  recorded  by  this  method,  it  is  neces¬ 
sary  not  only  to  distinguish  the  zero  state  from  the  absence-of-a-mm- 
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on  a  magnetic  tape  without  a  space 
between  the  numerals  $ 


(1) 

-  G*V.  **  Reproduction  head  3 

(2) 

-  U.V*  -  Reproduction  ampXi.fi 

.erj 

(3) 

~  Tg  -  Trigger; 

(U) 

-  Cm  -  Coincidence  circuit | 

(5) 

-  M*l„  -  Marking  prases j 

(6) 

-  Output. 

19 


JL 


J»@r  state  but  it  is  also  aae@ssa.ry  to  know  the  number  of  unities  and 

zeroes  corresponding  to  the  length  of  ..the  magaatiaed  portion  of  the 

tape*  This  is  achieved  with  the  aid  of  the  marking  signals  recorded 

on  a  special  channel  and  spaced  at  intervals  equal  to  the  spacing  of 

the  recording  of  numbers  (parallel  and  parallel-series  recording)  or 

of  the  number  digits  (series  recording) «  The  marking  pulses  can  he 

shaped  from  both  half-waves  of  the  signals  being  reproduced. 

The  obvious  advantage  of  this  method • of  recording  is  that  the  j 

:  maximum  density,  of  the  recording  is  increased  approximately  twofold,  j 

| 

!  It.  should  be  noted,  that  the  advisability  of  using  one  or  the  other  j 

I  j 

|  method  of  recording  numeric  images  depends  on  the  concrete  conditions 

I  ■■  ■ 

|  of  the  utilization  of  the  ferromagnetic  tapes  in  the  storage  devices. 

In  the  overwhelming  majority  of  cases  the  recording  of  die-  j 

j 

Crete  information  on  a  magnetic  tape  is  accomplishes  simultaneously  i 

i 

i 

along  several  parallel  channels*  j 

The-  modern  magnetic  tapes  have  different  widths  and  a  eo rres*  j 

I 

pondingly  different  number  of  channels*  The  widest  tape  used  in  the  j 

\ 

automatic  high-speed  digital  computers  has' a  width  of  125  millimeters  j 

and  is  designed  for  a  simultaneous  recording  and  reading  along  %Q  j 
'  4  ^  \ 

channels*  The  narrowest  tape  has  a  width,  of  6*35  millimeters  and  is  ! 

! 

•designed  for  1-3  channels •  Most  widely  used  are  the  magnetic  tapes  j 

I 

of  17*5  and  35  millimeters  in  width  with  parallel-series  method  of 
recording  the  numbers  (figures  13  and  14). 
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|  .. 

Ihsa  moved  by  the  tapensthding  mechanism*  the  ferromagnetic 

i  tape  becomes  deformed  as  the  result  of  the  stresses  applied  to  it  and 

i 

I  s.s  the  result  of  the  unavoidable  presence  of  skewing  and "conicity  of 
|  the  generators  of  the  guide  rollers*  The  deformation  of  the  tape  is 
j  expressed  by  the  appearance  of  skewing  in  the  generatrix  and  in  its 
|  deflection. 

5 

! 

The  misalignment  of  the  tape  generatrix  leads  to  the  develop¬ 
ment  of  misalignment  of  the  lias  and  the  'deflection  of  the  gener¬ 
atrix  leads  to  the  deflection  of  the  line,  ±*e.  to  the  maximum,  deflec¬ 
tion  of  tit.®  magnetic  imprints  from  the  line  of  the  row  by  magnitude  £ 
The  bias  %,  and  deflection  £-  change  with  respect  to  the  magnitude 
sn.d  the  sign  during  the  process  of  the  operation  of  the  devise  (Fig¬ 
ure  15  5  f- 

For  recording  along  many  channels.,  a  corresponding  amber  of 
magnetic  heads  assembled  into  a  single  unit  are  used#  The  operating 
gaps  of  the  magnetic  heads  assembled  into  a  unit  may  have  deflections 
from  the  straight  line  of  the  gaps  by  magnitude  +  c» 

It  is  very  difficult  to  set  the  line  of  the  operating  gaps  of 
the  unit  exactly  perpendicular  to  the  direction  of  the  tape  movement. 

|  This  leads  to  the  appearance  of  a  bias  1b  the  line  of*  the  gaps  by  mag- 

ij 

jf 

I  rdtude  £  y*  The  bias  is  characterised  by  the  angle  Us  between  th& 

\ 

|  direction  of  the  tape  movement  arid  the  line  of  the  gaps*  In  some 
1  ' 

|  cases  the  recording  is  accomplished  with  the  aid  of  one  apparatus  and 
j  the  reproduction  -  with  the  aid  of  another.  Sometimes ,  several  units 
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of magnetic  &vs  counted  oh  oji©  s,ppE^8.tus  $  th©Sb  units  x*e&ding 

in  sorxea  the  codes  recorded  on  the  tape »  * 

\ 

Inaccuracies  in  the  position  of  the  operating  gaps  *c  in  dif-  | 
fersnt  units  differ  both  with  respect  to  the  sign  and  the  magnitude,  j 
It  is  obvious  that  magnetic-head  units  proper  on  different  magnetic  ; 
recording  apparatuses  cannot  be  set  absolutely  identically.  As  the  \ 

t  J 

result  of  this  the  aboveHaerdvioned  inaccuracies  will  be  different  xor  | 
different  units  1  The  imccuracies  pointed-out  *  lead  to  the  appearance 
of  the  deformation  In.  the  code  line  by  magnitude  * 

\  <  „  v  +  y » 4-  v. ,  +  y  c.  *(2> 


The  deflections  of  the  magnetic  imprints  on  a  line  produced  by  j 

f 

the  de  format  ions  and  ill©  bias  of  the-  tape  by  magnitude  &TL*  le&d  to*  thsj 

i 

s 

decrease  in  •the  mEximuja  density  the  re co ruing t 


T  +  S1 


\  j  .  • 

j  where  L  is  the  length  of  the  magnetic  imprint  of  an  electric  ptuse*  | 

)  .  j 

j  frm  the  experience  in  designing  storage  devices  with  a  magnet-, 

I  xc  ta ocu  it  is  known  that  the  magnitude  of  the  deformation,  of  the  I 

i  "  '  ] 

I  o<vH  i  5  vuv*  h  increases  with  the  increase  in  the  number  of  the  pura-i~j 

|  " .  ’  -  j 

i  Xel  ch&nnsls  and  in  the  width  of  the  tape*  A  reduction  in  tne  defer «i— 

* 

I 

|  ation  of  tbs  code  liu.es  is  achieved  by  means  of  increasing  the  preci- 

t 

i  sios  in  the  manufacture  of  'the  compoaents  of  the  tape~wi*dl»g  track. 


|  the  Magnetic,  head  units  and  their  Mounting  on  the  magnetic  recording 

apparatuses*  B*.  the  modern,  storage  devices  the  errors  in  the 

i 

i  i 

j  tor©  and  the  assembly  of  the  components  do  not  exceed  a  few  tens  of  i 

f 

;  microns .  In  order  to  reduce  the  magnitude  '  it  is  advisable  to  : 

use  units  of  the  universal  magnetic  heads  for  the  recording  and  rapro-1 

' 

j  duetion  of  the  information  from  the  tape  and  to  increase  the  mechanic-1 
I  ©1  strength  of  the  magnetic  tape  base.  ! 


KXpruXVtVCB' 


l /.! 


cJwwawsaewl 


Figure  1$.  Deformation  of  the  magnetic  tape 


I  The  aggregate  deformation  of  the  tape  resulting  from  the  action  ] 

| 

[  of  the  stresses  on  it  during  the  movement  must  not  exceed  5  f  10$  of  ! 

( 

the  magnitude  of  the  magnetic  imprint.  The  infraction  of  this  condi-  I 


******** f*  ***v>.f\'***  -Jnrr&rpM  w ***+»**<*, 


tion  leads  to 'a  reduction  in  the  maximum  density  of  the  recording. 

At  the  present  time  the  electromagnetic  parameters  of  the 

i 

channel  w recording-reproduction 8  allow  the  recording  of  the  pulses  j 

!  “  •  .  .  s 

!  on  the  ferromagnetic  tape  along  a  single  channel  with  the  maximum 
!  density  of  30-4x0  pulses  per  millimeter.  However,  due  to  the  existence 
of  the  above-mentioned  inaccuracies  in  the  tape-winding  mechanism,  in  j 
the  magnetic  head  units  and  also  owing  to  the  poox-  mechanical  para-  [ 
meters  of  the  tape  in  multi-channel  recording,  it  is  very  difficult  j 
to  achieve  a  high  degree  of  density.  j 

It  is  known  that  the  representation  of  the  number  codes  may  be  j 
recorded  on  the  magnetic  tape  by  the  parallel,  serial  or  parallel-s er -j 
ial  methods.  It  would  seem  that  the  parallel  method  of  recording  the 
information  should  produce  an  increase  in  the  operational  rate  of  the  j 
storage  device  by  n  times  where  n  is  the  number  of  pulses  per 

| 

line.  In  reality  no  .such  increase  in  the  rate  results  because  of  the  j 

i 

deformations  of  the  code  lines,  these  deformations  increasing  with  ■; 

*  i 

i 

the  Increase  in  the  tape  width*  The  deformations  lead  to  an  increase  j 

i 

in  the  spacing  of  the  recording  and  consequently,  to  a  decrease  in  j 

I 

its  density.  j 

i 

For  a  correct  choice  of  the  recording  method  in  every  concrete  j 

J 

case  it  is  necessary  to  take  into  account  the  effect  of  the  mechanical 
inaccuracies  in  the  equipment  of  the  storage  device  on  the  rate,  and 
it  is  also  necessary  to  take  into  account  the  performance  reliability 
of  this  device#  i 


26 


2? 


■ 


A  substantial  drawback  of  the  reading  process  is  the  linear 

:  ’t 

j  dependence  of  the  signal  amplitude  on  the  speed*:  of --the  -tape  movement 

j  _  *  , 

j  Thereiore,  not  only  the  upper  speed  limit  is  restricted  but  also  the  ! 

,|  lower  speed  limit*  The  upper  speed  limit  depends  on  the  precision  in  i 
the  manufacture  of  the  tape-winding  mechanism  and  the  lower  speed  'l  -tm-tt. 
i£  owing  to  the  inadequate  efficiency  of  the  magnetic  tapes 

The  reliability  of  reading  is  also  affected  by  those  defects  of  the 
tape  which  so  far  it  has  ''not  been  possible  to  eliminate*  the  lack  of 
isaixomxty  in  the  magnetic  properties  of  the  separate  portions  of  the 
tapei  the  presence  of  separate  extraneous  connections  producing  a  var-j 
-uaixoii  in  the  distance  of  the  tape  from  the  magnetic  heads  or  charac¬ 
terized  ey  magnetic  properties  different  from  the  rest  of  the  tape 
surface*  | 

iiie  Wetgufttic  heads  KMG~‘2  used  heretofore  in  the  computers  hare  j 
1  the  following  parameters*  the  height  of  the  core  assembly  made  of  the  i 
|  annealed  permalloy  h«Q*6  millimeters |  the  width  of  the  channel  (of 
the  magnetic  mark)  b»2  millimeters  j  the  number  of  the  winding  turns  | 
»~^0Oj  the  width  of  the  operating  gap  S  *0*Qh0  millimeters*  1 

Viioh  cho  recording  current,  of  60-70  milliaaperes ,  the  output  of  j 
these  heads  comprises  u^^OC  microvolts  and  n^-800  microvolts 
wxtb  wie  psj.se  repetition  rat©  f*!000  cycles  per  second* 

Tne  magnetic  heads  performing  simultaneously  the  recording  and 
a  eprvduct ion  along  several  parallel  channels  are  combined  into  a  single! 
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|  unit  of  magnetic  heads  with  shields  being  set  up  between  the  Individ" 

ual  heads* 

I  In  one  of  the  design  bureaus  of  the  ins tr  mant-manufa cturing  '  , 

|  ;  ! 
j  industry  there  has  been  developed  a  design  and  studies  have  been  made  ! 

I 

j  of  a  magnetic  head  unit  in  which  zero  deflection  of  the  operating  gaps 

j  | 

|  is  secured  in  practice. 

|  This  unit  secures  the  recording  of  the  electric  pulses  arriving | 

|  simultaneously  at  the  magnetic  heads  windings  without  deflections  from j 

if 

an  imaginary  ideal  line.  In  the  reproduction  of  the  recording  by  the  J 

j  •  j 

)  other  units  of  this  design  (in  the  case -when  the  units  are  replaced)  j 


t 

I 

1 

I 

i 

| 

I 

j 

( 

j 

! 

i 

i 

! 

\ 

\ 

j 

1 

i 


Figure  17*  Design  of  the  .drop-type  magnetic 

head  KMG-2 
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Figure  18*  Design  of  an  assembled  unit  consisting  of 
hi  separate  magnetic  heads . 


or  when  the  tape  is  transferred  from  one  magnetic  recording  apparatus  j 

; 

onto  another 3  the  line  pulses  are  also  reproduced  simultaneously.  j 

The  minimum  distance  between  the  adjacent  heads  of  the  unit  is  j 

1 

determined  by  the  magnitude  of  interference  created  by  the  magnetic 
flux  of  the  heads.  •'When  there  is  a  permalloy  shield  between  the  heads, 
the  interference  does  not  exceed  —50  decibels  and  this  distance  is 
equal  to  about  1  millimeter.  Such  a  design  of  magnetic  heads  secures 
zero  errors  with  respect,  to  the  spacing  and  position  of  the  operating 

,  I 

gaps  on  one  magnetic  recording  apparatus# 


i  Jn  the  table  below  are  shown  the  results  of  tire  study  of  a  unit 

< 

|  of  heads  with,  different  magnetic  tapes .  j 

Tested  simultaneously  with  the  heads  were  the  magnetic  tapes .  j 
The  tests  were  conducted  at  the  tape  ^movement  speed  v-1.5  meters  per  | 
second  and  the  pulse  repetition  rate  £=*10,000  pulses  per  second.  j 

The  studies  showed  that  with  different  cross  sections,  the  j 

j 

tapes  must  have  a  mechanical  strength  of  not  less  than  5  kilograms  re¬ 
lated  to  a  tape  of  6.35  millimeters  in  width,  and  elasticity  of  not 
more  than  0.1$  per  unit  of  length. 

The  physical  and  geometrical  parameters  of  the  tape  must  be  j 

<t  | 

homogeneous | . the  presence  of  extraneous  admixtures,  impregnations,  J 

gluing-together,  slight  tears,  .punctures  etc.  is  not  allowed. 

s 

i  The  Physical  heterogeneity  of  the  material  leads  to  a  change  in  j 

the  remanent  induction  (when  the  magnetizing  field  is  constant)  in  the  j 

direction  of  the  tape  movement.  The  geometric  heterogeneity  shows  it- j 

|  self  firstly  in  the  concentration  and  grain  siaes  of  the  magnetic  pow~j 

I  der  and,  secondly,  in  the  variation  of  the  cross-section  of  the  mag-  j 
I  / 

j  nettle  layer.  The  size  of  the  grates  must  not  exceed  0.1  micromilli—  j 

I  meters.  It  is  also  desirable  that  the  surface  of  the  magnetic  tape  j 

be  polished.  Mien  these  conditions  are  satisfied,  the  amplitude  J 

spread  of  the  pulses  being  read  is  considerably  reduced  (at  the  present 

time  this  spread  reaches  up  to  100  — ■  200$),  the  amplitude  of  the  sig- 

|  -mis  being  read  increases  by  If?  —  20$  and  the  wear  of  the  heads  is 

considerably  reduced.  The  recording  density  can  be  brought  to  25-30 
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pulses  on  1  millimeter*  '  Meanwhile,  the  Type  1  and  2  "ferr magnetic  I 

tapes  of  the  Kharkov  Sovnarkhoss  Factory  No,  3  used  at  the  present  1 

time  and  also  the  tapes  G  and  OH  of  the  firm  «AC3EP A,?  do  not  satisfy 
completely  the  requirements  demanded  and  at  the  present  time  new  types 

i 

of  tapes  for  the  recording  of  pulses  are  being  developed*  | 

( 


OPERATIONAL  0  H&Rf.  C'FER  1ST  ICS  OP  THE  FEHRaiAGKETIC  CAP.MEHS.  The 


cost  of 

magna 
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pe  or 
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;ty  on  a 

tape 

3.  is 

very 

great 

and  comprises  ' 

100* 

*500 

bina 

ry  digits 

on  1  oh 

p 

or 

v.,- 

O 

O 

1A 

3-50 

000  on 

1  <sr.^ 

1  with 

the  tape 

thi 

cJcnte 

;  S3  0 

f  0,05-0, 

12  mil'll 

Lmeters  <5 

the 

rec 

ording 

spa  cl 

ng  of 

0,5-0*08 

mil 
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and  the 

channel. 
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of  1 

L**2  . 

rnillirn 

,nters . 

With  the  proper  temperature  and  humidity,  the  tapes  may  be  I 
stored  far  several  years  without  losing  their  properties,  -The  spon-  ; 
•fcaneous  erasing  or  a  change  in  the  quality  of  the  magnetic  recording 
;  is  hardly  probable  during  long  storage#  .  j 

Informs tion  deposited  on  the  tape  or  wire  may  be  developed  for  : 

!  i 

visual  check  bat  this  method  should  not  be  recommended  in  normal  oper-j 
at  ion  because  of  its  oomph  0x1.  t  y  and.  lack  of  v  alia  bill  ty »  For  cheoKing  > 

1 

: the  correctness  of  the  recording  one  may  recommend  the  reproduction  of  j 
I  the  information  recorded  on  the  tape  with  the  subsequent  printing  of 

S' 

| 

it  on  paper  or  recording  on  punch  cards » 

The  recording  on  the  tans  can.  easily  be  erased  partially  or  ; 
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I  completely  and' new  recording  can  be  put  in  Its  place.  The  technical 
;  difficulties  arise  when  erasing  small ,  precisely  bounded  portions  of 
the  tape,  Therefore,  groups  of  material  which  may -be  subjected,  to  a 
simultaneous  erasing  should  be  separated  by  spaces  of  not  less  than 
3-6  millimeters . 

The  reading  from  the  magnetic  materials  is  accomplished  by 

means  of  inducing  electric  pulses  in  the  magnetic  heads  from  the  .mag- 

•  | 
netized  portions  of  the  tape  travelling  past  the  heads  and  by  an  ap¬ 
propriate  aaplif  Itea  tion  of  these  pulses . 

The  magnetic  tape  may  be  utilized  both  for  the  input  of  the 
initial  data,  and  for  the  output  of  the  final  results  of  the  solution,  j 
The  reading  of  the  results  fro®  the  tape  and  the  printing  of  than  on  j 
paper  according  to  the  decimal  number  system,  are  accomplished  wagu.  j 
the  aid  of  a  printing  device  placed  outside  the  machine.  Magnetic  • 

.  I 

tape  is  used  widely  for  recording  on  it  those  results  of  a  soxuoion 

i 

which  are  to  be  fed  into  the  machine  the  second  time.  j 

Equipment  used  for  the  magnetic  tapes  is  essentially  similar  > 

) 

to  the  equipment  for  magnetic  sound  recording*  Only  the  electric  part! 

i 

1  is  considerably  different  because  of  the  special  requirements  demanded* 

! 

of  it .  ' 

I 

The  cost  depends  on  the  width,  of  the  tape  and  in  the  case  of 
|  wide  tapes  is  very  high.  The  dimensions  also  depend  on  the  tape  width 
and  correspond  approximately  to  the  dimensions  of  the  machines  for 
punch  cards*  Electric  energy  consumption  is  insignificant. 


i 


I  The  handling'  of  the  automatic  devices  ia  comparatively  uneaa- 

:  plicated  and  is  reduced  to  the  setting  ..the  tape,  reels  and.  to  the  fix- 

;  i  \ 

|  ing-in  of  the  end  before  the  start .of  the  operation. 

|  The  efficiency  of  the  automtically  operating  devices  together  j 

with  the  machine  comprises  both  in  reading  arid  recording  from  1000  to  j 
20,000  lines  per  second  (50,000  to  100,000  digits  per  second)  depend  j 
ing  on  the  width  of  the  tape  and  density  of  the  recording.  The  designs 
of  the  magnetic  tape  devices  are  not  complicated  in  principle  but  re¬ 
quire  high  precision  in  the  manufacture  and  assembly.  Considerable 

■  technical  difficulties  arise  in  the  manufacture  of  the  magnetic  heads 
and  of  the  components  connected  with  them.  The  setting-up  and  the 

|  repairs  of  the  devices  operating  with  magnetic  tape  are  very  complic¬ 
ated  in  view  of  th©  extremely  high  precision  in  the  adjustment  of  the  j 

j 

tape  •winding  mechanisms .  I 

'  •  j 

The  check  of  the  correctness  of  the  recording  and  reading  is  j 

also  difficult.  In  order  to  secure  control  precision,  it  is  necessary! 

I 

to  make  the  equipment  more  complicated  or  lower  the  density  of  the  re~? 

i 

| 

cording.  j 

Devices  for  the  primary  recording  on  the  magnetic  tape  and  de«  j 

■  vices  for  the  input  of  information  from  the  magnetic  tape  Into  the  j 
•  machine  may  be  similar  in  principle  and  differ  only  in  the  speed  of 

j  the  tape  movement  and  the  electric  circuit. 

1  The  tape  can  ba  moved  during  the  reading  both  in  the  forward 

and  reverse  directions  and "it  can  be  glued  into  a  ring  for' repeated 
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!  reading.  A  big  disadvantage  is  the  presence  of  the  lower  speed  limit 
'  which  during  the  starting,  stopping  and  reversing . produces  the  oais-  • 

;  i 

J  sion  of  the  acceleration,  and  braking  sections  passed  at  an  insufficiettj 
!  ! 

speed*  Therefore ,  the  development  of  reliable' means  for  quick  accel-  j 

©ration  and  braking  is  very  important. 

The  studies  carrled-out,  and  also  the  experience  In  the  opera- 

f 

tion  of  computer's  in  the  USSR  and  abroad  show  that  in  order  to  raise 
the- operational  reliability  of  the  magnetic  tapes,  the  quality  of  the 
1  tapes  being  produced  should  be  improved,  the  magnetic  heads  unit 
should  be  made  in  one  piece  and  not  assembled,  a  tape  of  not  more  than 
|  35  millimeters  in  width  should  be  used,  and  tape-winding  mechanisms 
|  with  a  constant  linear  speed  and  a  follow-up  system  for  -taking  up  the 

f 

t  s3a  ck  and  the  tightening  of  the  tape  should  be  used  to  reduce  the  <  ; 

!  '  ••  "  ,  '  i 

|  starting,  acceleration,  stopping  and  reversing  time.  j 


!  CBTE-FIIM.  The  movie  film  has  advantages  over  the  magnetic  j 

|  tape  with  respect  to  the  density  .and  speed  of  recording*  The  avail-  j 

j  ability  of  the  well-investigated  and  reliable  cinematographic  equip-  j 
I  f 

f  ! 

1  meat  makes  it  possible  to  achieve  very  high  speeds  of  the  .film  move-  j 

1  meat.  An  important  advantage  of  the  film  is  also  its  high  mechanical  j 

|  strength.  The  movie  film  is  convenient  for  recording  a  large  amount  j 

i  of  the  reaoeatedlv  used  constant  initial  data,  or  commands  recorded  j 
*  ! 

t 

J  by  the  photographic  or  perforation  method. 

The  basic  drawback  of  the  film  is  the  impossibility  of  the 
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j  immediate  reading  of  a  recording  that  has  just  been  made.  For  this  I 


purp 

;>se,  a  ci 

stbereome  ana 

;  nece 

?.sary* 

1 

! 

Thus , 

not  a  single 

s 

i 

1  cons 

iderad,  satisfies  full 

is  n 

eeessary 

to  work  on  te 

|  and 

on  the  & 

*ve  lament  of 

INPUT 

MW  OUTPUT  m 

j  the 

preparat 

ion  of  the  in; 

j  O  -f.  c 

.  problem 

and  feeding  J 

!  inte 

xicled  for 

the  derivati: 

■  nace 

-;ssity)  o 

£  the  results 

While 

the  operatic! 

xot  a  single  one  of  the  three  information  carrier  groups  j 


The  input  devices  are  designed  for  j 

} 

j 

a  and  of  the  program  of  the  solution; 


I  nee e s s i tv )  of  the  r5 exults  of  tlx©  soxutx^n  of  a  problem *  j 

While  the  operation  of  the  machine  is  fully  automatic  and  its  .  : 

,  rate  may  reach  200  thousand  operations  per  second*  the  operation  of  , 

ih&  input  and  output  devices  is  carried  out  with  the  participation  ox  , 

I  an  operator  and,  there  fo  re  $  at  lirri  ted  speeds  e 
|  "  *'  "  |  ^  : 

I  The  initial^are  assembled,  as  a  rule,  on  the  keyboard.  Thera- 

I  fore,  the  average  rate  of  the  operation  of  the  input  devices  depends  ! 

J  *  "  *  I 

|  on  the  nhvsical  capabilities  of  the  o  do  rater .  ; 

|  j 

\  xised  in  a  nariber  of  cases  for  the  input  and  output  devices  are  | 

|  > 

|  mechanical  systems  the  rates  of  tne  operation,  of  which  are  co  as  id  01 ^  j 

ably  lower  than  that  of  the  electronic  devices.  j 

|  The  nroeess  of  the  performance  of  a  program-controlled  computer | 


!  comists 'of  the  following’  operations* 

'  First  of  all,  the  initial  data,  are  prepared  and  the  program  is 
|  drawn  up,  i*e*  the  sequence  of  the  commande *  .the  position  of  the  \ 

j 

1  switches  on  the  control  panel,  the  selection  of  the  removable  unite  : 
i 

of  the  machine,  etc*  are  determined#  All  of  this  is  set  on  a  coded 
handwritten  or  printed  list  of  conunands &  The  initial  data. and  the 
program  are  transferred  onto  a  carrier  adapted  for  insertion  in  the  j 
machine*  This  operation  is  performed  by  the  operator  by  means  of  a  i 
•  keyboard  with  an  automatic  coding  of  the  numeric  material*  After  this,| 

;  j 

records  necessary  for  the  solution  of  a  given  problem  are  assembled  j 
and.  than  the  operator  loads  the  input  and  the  peripneral  stoi^ge 

i 

'vices  with  the  initial  records*  j 

The  input,  of  the  program  into  the  machine  and  the  solution  of  j 

i 

■  the  problem  according  to  this  program*  or  tee  control  at  the  process  j 

! 

are  performed  automatically* "  The  results  of  the  solution  are  auto™  | 

j 

;  maticaily  taken  out  from  the  machine  and  set  on  the  output  carrier*  j 

i 

From  the  output  carrier  the  results  of  the  solution  are  traxis-  j 

i 

’ f erred ,  if  necessary,  onto  the  final  record.  j 

| 

A  thorough  check  guaranteeing  the  correct  result  must  be  pro-  j 
vided  for  every  one  of  these  operations.  For  the  performance  of  each 
one  of  the  operations,  it  is  necessary  to  use  special  equipment  the 
efficiency  of  which  may  be  different  at  every  stage. 

J  The  equipment  must  be  economical,  characterized  by  small  dimen¬ 

sions,  low  energy  capacity,  convenient  maintenance,  ease  of  setting-up,! 


! 


|  inspection  and  repairs  and  finally  it  mast  be  characterised  by  high 

i  ' 

|  efficiency  at  different  stages*.  •  -  •--«  •  - 

*  -  1 

The  reliability  and  the  s  tability  of  the  equipment  during  oper-  ) 
ation  are  of  special  importance  inasmuch  as  in  the  case  of  the  high¬ 
speed  pr ogram -controlled  machines  the  reliability  must  be  many  times 
higher  than  in  any  other  machines.  This  is  achieved  by  the  develop¬ 
ment  of  simple  designs, 'by  providing  the  feasibility  of  automatic  con- 
trol  and  signaling'  of  incorrect  performance,-  and  by  the  uniformity  of  j 
different  devices. 

The  important  requirements  are  the  possibility  of -utilizing  the 
equipment  used  in  other  technical'  branches  and  also  the  feasibility  of 
automatic  setting  of  the  constant  indices  on  the  carrier. 

r  i 

f 

Fart  of  the  composition  of  the  input  and  output  devices  for  the 

’ 

automatic  highspeed  digital  computers  are  no  fewer  than  three  furxc-  \ 

\ 

|  tionally  different  elanentst  a  device  for  the  primary  recording  on  the] 

;  *  i 

i  carrier*  the  reading  device  and  the  printing  .'device.  Used  for  the  ] 

i 

j  primary  recording  is  a  perforator  or  a  device  for  primary  recording  on. ! 

\ 

t 

S 

a  magnetic  tape,  of  the  start-stop  type  controlled  frcm  a  keyboard .  j 
This  device  can  be  designed  both  .in  the  form  of  a  single  unit  or  in 
the  form  of  two  units  -  the  keyboard  and  the  recording  unit  proper. 
Actually,  the  make-up  of  the  input  and  output  devices  is  fre¬ 
quently  considerably  broader*  It  includes  devices  for  the  duplication 
of  the  recording,  copying  the  material  from  one  carrier  onto  another , 
sometimes  with  the  simultaneous  change  in  the  recording  code,  and  also 
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1  :! 

|  the  control  devices.  Sonne  machines  are  adapted  for  the  operation  with 

; several  carriers  at  once.  Such  machines  have  to  be  equipped  with  sev- ' 

learal  devices  performing  identical  functions.  In  addition,  part  of  the  j 

i 

machine  assembly  may  be  the  continuous “discrete  converters  whicn  trsns— 

I  fora  a  continuously  changing  magnitude  into  a  sequence  of  numerical 

t 

lvalues,  and  the  discrete-continuous  converters  ushich  make  it  possible  ] 

i  .<1 

to  present  the  results  of  the  solution  in  graphic  form*  For  the  pur-  j 

pose  of  reducing  the  nomenclature  of  the  devices,  setae  of  the.®  may  pel  -j 

form  several  functions  at  once.  For  example,  one  and  the  same  perfor-  j 

1 

ator  may  be  used  both  for  punching  of  the  primary  data  and  for  bringing 
out  the-  results  and  their  duplication.  j 

i 

The  basic  set  of  the  equipment  of  the  input  and  output  devices  j 

|  I 

[necessary  for  a  normal  operation  of  the  machine  must  secure  the  rer  j 

J  i 

| cording  of  the  initial  data  and  the  program  of  the  solution,  duplies—  , 

lion  of  the  information ,  a  check  of  the  initial  data,  input  ol  the  iniq 

} 

tial  data  and  of  the  program  of  the  solution  into  the  machine*  bring-  j 

j 

lug  out  the  results  onto  the  output  carrier  and  the  printing  of  the  re-j 


S suits 


f 

|  In  view  of  the  great  diversity  of  the  machines  with  respect  to 

| the  purpose,  and  also  in  view  of  the  great  diversity  of  the  problems 

|  .  j 

| solved  on  them,  it  is  difficult  to  create  a  single  set  of  equipment  j 

land  to  develop  a  single  system,  of  the  input  and  output  devices,  and  it 

| 

is  doubtful  if  this  may  be  recognized  as  being  technically  and  econom¬ 
ically  justified. 


hQ 


tion  of  the  autoi^s/t  i.c  di  giLte»l.  coi^puf^i^is  *$  &,  system  of  ijnput  { 

and  output  devices  i ndependent  of  the  machine  except  for.* the  lead-in  • 

f 

* 

a  ad  lead-out  devices  should  be  recommended  for  large  ganfer  &l«*p  urpos  e 
machines  at  the  computer  centers  where  the  dimensions  of  a.  machine 
have  not  particular  significance®  In  this  case  it  is  advisable  to  use 

! 

punch  cards  and  magnetic  tape  as  carriers.  j 

ths  input  and  output  devices  of  such  machines  may  consi&t  ■ 

a  keyboard  device  for  the  setting  and  coding  of  the  nmeric  material |  j 

.  the  card  perforator  for  recording  the  numeric  material)  the  verifier  - 

!  of  the  punch  cards)  device  •  for  copying  the  wane ric  material  from  the  j 

* 

punch  cards  onto  magnetic  tape  in  the  required  sequence  («ben  the  ; 
amount  of  the  initial  data,  is  large) j  the  lead-in  device.'  with  photo-  j 
|  diode  reading  for  feeding  the  initial  data,  into  the  machine  from  the  j 

|  '  _  ,  j 

j  punch  cards  (when  the  amount  of  the  initial  data  is  small)  and  also  | 

^  i 

for  the  feeding  of  the  test,  programs,  etc.}  device  for  the  lead-in  j 

of  the  initial  data  from  a.  magnetic  tape  Ylicn.  the  amount  of  inionaa-  j 

,  '  ;  . 

|  tion  is  large  (peripheral  storage  device)}  perforator  of  the  retsuits.  j 

I  for  bringing  out  the  final  or  intermediate  results  of  tne  sojuxfc iua  j 
j  -  i 

j  onto  the  punch  cards?  device  ■  for  a  slow  reproduction  from  a  raagnetac  j 

|  tape,  this  device  being  designed  for  the  combined  operation  with  the  j 

j  printing  device  when  the  amount  of  the  result©  of  the  solution  brought  j 

out  onto  the  magnetic  taps  with  the  add  of  the  peripheral  Sv-o rage  do* 

vice  is  large  j  the  printing  device  which  must  operate  at  the  rate  of 


i  20-30  numbers 'per  second  and  the  graphing  device  for  bringing  out  the 

results  of  the  solution  from  the  machine  in  the  forra  of  a  graph  as  a 

|  final  record  and  also  for  checking  the  progress  (process)  of  the  sola- 
! 

!  tian  of  a  problem*  The  printing  device  has  to  bring  out  tae  results 
I  of  the  solution  directly  from  the  machine  if  these  results  are  not 
J  many  (bringing  out  the  control  points  or  st&is)  and  also  to  print  the 


tilts  Of  the  solution  which  are  read  from,  the  punch  cards  or  fro?*  * 


magnetic 


-•e  outside  the  -machine 


Per  the  general-purpose  machines  where  dimensions  pi ay  the  de~ 

{  elding  role#  it  is  possible  to  recommend  the  five -charnel  standard 
j  telegraph  tape  as  the  information  earner* 

J  Xn  special  machines  designed  for  the  solution  of  problems  oi 

I  a,  definite  scope  or  for  the  control  of  del in  1x6  processes  &ud  object^ 

|  the  structure  of  the  input  and  output  devices  and  the  typo  of  -the  oar  * 
I  rler  defend  on  the  type  of  the  problems  to  be  solved,  the  fora  of  the 
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to  carry  out  their  standardisation  and  to  create  s  number  of  unified 
sets  of  these  devices  for  different  types  and  classes  of  the  machine: 


!  i.?6: 
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